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(57) Abstract: A method and apparatus is provided that classifies a seat occupant into one of several different weight classes based 
on an estimated value of the seat occupant weight. An occupant's measured weight varies when the occupant's seating position 
changes or when the vehicle travels over adverse road conditions. A plurality of weight sensors are used to measure the weight 

JJ? exerted by a seat occupant against a seat bottom and are used to determine center of gravity for the seat occupant. A seat belt force 
sensor is also used to assist in classifying the seat occupant. Compensation factors using the seat belt force and center of gravity 
information are used to generate an estimated weight value. The estimated value of the occupant weight is compared to a series of 
upper and lower weight thresholds assigned to each of the weight classes to generate an occupant weight sample class. Over a period 
of time. Several estimated weight values are compared to the weight class thresholds. Once a predetermined number of consistent 

^5 and consecutive occupant weight sample classes is achieved, the occupant is locked into a specific occupant weight class. When 
the weight class is locked, the separation value between the upper and lower thresholds is increased to account for minor weight 
variations due to adverse road conditions and changes in occupant position. 
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WEIGHT CLASSIFICATION SYSTEM 
Amgf^ttniTND Off THF. TNVRNTTON 

Field of ttie Invention. 

5 This invention relates to a method and apparatus for measuring the weight of a 

seat occupant and classiJfying the occupant into a weight class. 

Related Art. 

Most vehicles include airbags and seatbelt restraint systems that work together 

10 to protect the driver and passengers from experiencing serious injuries due to high- 
speed collisions. It is important to control the deployment force of the aiibags based 
on the size of the driver or the passrager. When an adult is seated on the vehicle seat, 
the airbag should be deployed in a normal manner. If there is an infant seat or small 
adult/child secured to the vehicle seat then the airbag should not be deployed or should 

15 be deployed at a significantly lower deployment force. One way to control the airbag 
dq[>loyment is to monitor the weight of the seat occupant. 

Current systems for measuring the weight of a seat occupant are complex and 
expensive. These systems use various types of sensors and mounting configurations to 
determine seat occupant wei^t. For example, some systems, use pressure sensitive 

20 foil mats or a plurality of individual sensors mounted within a seat bottom foam 
cushion while other systems mount sensors on seat tracks, seat frame members, or 
other seat structural members. The combined output from the sensors is used to 
determine the weight of the seat occupant. The accuracy of the weight measuremoats 
from tiiese types of sensor systems can be compromised due to additional seat forces 

23 resulting from the occiq)ant being secured to the seat with a seatbelt. 

For example, weight sensor systems can have difficulty identifyLag an adult, a 
child, or a car seat when the seatbelt is being used. Whm a child seat is secured to a 
seat with a seatbelt, an excess force acts on tiie sensors mounted within the rear portion 
of the seat bottom, which interferes with accurate weight sensing. Over tightening of 

30 the seatbelt to securely hold the child seat in place, pulls the child seat down against 
the rear part of the seat bottom, causing the excessive force measured by the sensors. 
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Due to fhis effect, the ciurent weight sensing systems have difficulty in discerning 
between an adult belted to a seat and a child seat secured to the seat with a sea&elt. 

In order to address this problem, sensors have been incoiporated into the 
seatbelt to measure the tension force ^plied to the seatbelt as passengers or a child 
5 seat is secured to the seat. High seatbelt tension forces indicate that a child seat is 
secured to the seat. One disadvantage with current seat belt force sensors is that it is 
difficult to get accurate seat belt force measurements. Another disadvantage with 
current seat belt force sensors is that non-axial loading on the belt can afiect the 
accuracy of the force measurement. 

10 Once seat occupant weigjit force measurements and belt force measurements are taken, 
the seat occupant is typically classified into a predetermined classification. Some 
systems attempt to classify seat occupants into predetermined customer-specified 
classes usually based only on occupant weight. The classification information is then 
used to modify the deployment of the airbag. These systems do not provide accurate 

15 and consistent classification over a wide range of adv^e road conditions and/or 
occupant seating conditions. 

The accuracy of the weight measurements fix)m known sensor systems can also 
be comproinised due to variable seat forces resulting from momentary eveats such as 
rough road conditions or seat occupants adjusting seat position, for example. These 

20 types of events can transfer or remove weight fiom the seat for short periods of time, 
which affects the accuracy of the system. 

Thus, it is desirable to have an inq)roved seat occupant weight measurement and 
classification system that provides increased accuracy in weight measurement and 
classification as well as overcoming any other of the above referenced deficiencies 
25 with prior art systems. 

STTMM AR Y OF THF, TNVFNTTON 
A weight classification system utilizes weight and seat belt force sensors to 
classify seat occupants into a predetemained weight classification. Preferably, a 
30 plurality of weight force sensors are mounted between a seat bottom and a vehicle 
stmcture and a seat belt force sensor is installed within a seat belt assembly. The 
weight sensors are preferably located at four connecting points for the seat fiame and 
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pick Up all distributed forces (positive and/or negative forces) to determine tbe total 
weight on the seat and the center of gravity. The center of gravity and total weight 
determinations are used to classify the seat occupant, which is fiirtha: used to control 
deployment of a safety device, such as an airbag. 
5 hi the preferred embodiment, one weight sensor is mounted at each comer of 

the seat bottom. Each weight sensor includes a bending element having one end 
mounted to the seat firame and an opposite end moimted to a vehicle or other seat 
structure such as a riser, seat track, or vehicle floor, for example. At least one strain 
gage assembly is moxmted on a center portion of the bending element and an integrated 

10 electronics package electrically connects the strain gage to an electronic control unit 
(ECU) or other similar device. The strain gages measure deflection of the center 
portion and gmerate a weight signal that is sent to the ECU. 

Preferably, the bending element iacludes a top surfece and a bottom surfece 
with at least one centrally formed groove in one of the top or bottom surfaces. The 

15 groove extdids at least partially along the width of the sensor to localize strain in the 
center portion. The strain gage is placed on the other of the top or bottom surfaces, in 
an opposing direction fiom the groove. 

Output from the sensors near the front of the seat bottom are combined and 
compared to output from the sensors near the rear of the seat bottom to determine the 

20 center of gravity. The initial seat occupant weight can be adjusted to take into account 
the center of gravity of the seat occupant. The initial seat occupant wei^t can also be 
adjusted to take into account forces exerted on the seat occupant by the seat belt 
assembly. 

The seat belt sensor includes a load cell wifli a strain gage that is integrated into 
25 a seat belt mechanism that is used to secure an occupant to a vehicle seat. When the 
seat belt is tightened, the sensor is pulled into tension and ttiis is measured by the strain 
gage. The strain gage measmrements and signals are sent to the ECU. The ECU uses 
the information to detemiine whether a child seat or an adult is secm-ed to the vehicle 
seat. Further, the seat belt force information is used to adjust the initial seat occupant 
30 weight and is used to properly classify the seat occupant. 

The seat occupant is classified into one of several different weight classes 
based on an estimated value of the seat occupant weight. Each of the weight classes 
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has upper and lower thresholds that define the class. Over time, several comparisons 
are noiade between the estimated weight and the thresholds of the weight classes and 
each comparison results in a weight class sample. The seat occupant is assigned a 
specific weight class designation once a predetermined number of consistent and 
5 consecutive weight class samples is achieved. The specific weight class designation 
remains locked until a certain number of inconsistent weight class samples are 
observed. 

In a disclosed ^bodiment of this invention, the method for classifying a seat 
occupant into a weight class includes the following steps. The seat occupant weight is 

10 measured resulting in an estimated weight. The estimated weight is compared to a 
series of weight classes with thresholds to determine a class sample. The previous 
steps are repeated until a predetermined number of class samples having the same 
value is achieved and the class sample becomes locked as the occiq>ant weight class. 

Additional steps include generating an occupant weight class signal 

15 corresponding to the locked occupant weight class, transmitting the occupant weight 
class signal to a control unit, and modifying deployment of an airbag based on the 
occupant weight class signal. The weight class is unlocked when a predetermined 
number inconsistent class samples is observed. When the class is unlocked, the 
process repeats. 

20 Once the occupant has been classified into a weight class, that class becomes 

the known class for the next comparison. Preferably, each weight class is assigned an 
upper threshold and a lower, threshold. At each iteration, the estimated weight is 
compared to the upper and lower thresholds for the last known weight class. The new 
class sanq)le is designated the same as the last known weight class if the estimated 

25 weight is between the upper and lower thresholds for the last known weight class. The 
sample is set equal to a next higher weight class if the estimated weight is greater 
than the upper threshold for the last known weight class or the class sample is set 
equal to a next lower weight class if the estimated weight is less than the lower 
threshold for the last known weight class. 

30 In one disclosed embodiment, the value of the upper threshold of the class 

sample is increased by a first predetermined amount and the value of the lower 
threshold of the class sample is decreased by a second predetermined amount after 
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the class sample is locked. The upper and lower thresholds are returned to their 
initial values when the class sample becomes unlocked. 

The subject invention uses seat occupant weight and seat belt force 
measurements in combination with varying weight class thresholds and class sample 
S histories to produce a more stable, accurate and robust classification process that 
reduces errors caused by changes in occiQ)ant seating position and adverse road 
conditions. The more accurate classification system is used to generate control signals, 
which are used to modify airbag deployment. 

These and other features of the present invention can be best imderstood Scorn 
10 the following specification and drawings, the following of which is a brief description. 

RPTITF nF.53rRTPTf ON OF Tm. TIP A WTTVr^S 
Figure 1 is a schematic view showing a vehicle with an airbag system and an 
occupant sitting in a seat with the airbag in an active state shown in dashed lines. 
15 Figure 2 is a fi^ont view ofa seat and seat belt assembly. 

Figure 3 is a top view of a seat belt force sensor. 
Figure 4 is a side view of the seat belt force sensor of Figure 3. 
Figure 5 is a schematic control diagram of the seat belt force sensor and 
control system. 

20 Figure 6 is an exploded view of a seat assembly incorporation occupant 

weight sensors. 

Figure 7 is a side cross-sectional view of a weight sensor installed in a seat 
assembly. 

Figure 8 is a perspective view of the weight sensor of Figure 7. 
25 Figure 9 is a schematic control diagram of the weight sensor and control 

system. 

Figure IDA is a top perspective view of a weight sensor. 
Figure lOB is a bottom perspective view of the weight sensor of Figure lOA. 
Figure IOC is a side view of the weight sensor of Figure lOA. 
30 Figure lOD is a schematic diagram of an electronics package for a weight 

sensor. 
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Figure 11 is a gr^h showing the relationship between track and lock 
thresholds. 

Figure 12 is a flowchart describing the method of determining a weight class 

sample. 

3 Figure 13 is a flowchart describing the tracking and locking processes. 

Figure 14 is a schematic diagram of an ECU used in the control system. 
Figure ISA is perspective view of the ECU. 

Figure 15B is a perspective of the ECU of Figure ISA fix)m an opposing side. 
Figure 16 is a flowchart describing the overall control system operation- 

10 

nFTAR Fn nTCSrPTPTTO N OF AN RVTCMPT AttV ff.lVmnTfcTTVnr.NT 
A vehicle includes a vehicle seat assembly, shown generally at 12 in Figure 1, 
and an airbag system 14. The seat assembly 12 iacludes a seat back 16 and a seat 
bottom 18. A vehicle occupant 20 is secured to tiie seat 12 with a seat belt assembly 

IS 22. The vehicle occupant 20 can be an adult, child, or infant in a car seat secured to 
the seat 12 with the seat belt 22. A tension force Ft is exerted on the seat belt 22 that 
represents the force is exerted against the occupant 20 as the belt is tigjhtened. The 
occupant 20 also exerts a vertical weight force Fw against the seat bottom 18. The 
subject weight classification system measures the tension force Ft and the weight force 

20 Fw, determines the seat occupant weight and center of gravity, and classifies the seat 
occupant. The classification information is iised to control deployment of a safety 
device, such as an airbag 24. 

The airbag system 14 deploys the airbag 24 under certain collision conditions. 
The deployment force for the airbag 24, shown as deployed in dashed lines in Figure 1, 

25 varies depending upon the type of occiq)ant 20 that is belted to the seat 12. When an 
adult 20 is belted to the vehicle seat 12, the airbag 24 should be deployed in a 
normal manner shown in Figure 1. If there is small adult or an infant in a car seat 
secured to the vehicle seat 12 then the airbag 24 should not be deployed or should be 
dq)loyed at a significantly lower force. Thus, it is important to be able to determine 

30 whether there is an adult 20 belted to the seat 12 or whether a small adult or infant 
seat is secured to the seat with a seat belt 22. One way to determine this is by 
monitoring the tension exerted on flie seat belt 22. When an adult 20 is belted to the 
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seat, normal seat belt forces are exerted against the seat belt 22. When an infant or 
child seat is belted to the seat 12, high tension forces are exerted on the seat belt 22 
because the seat belt 22 is overtigjitened to securely hold the child seat in place. 

The vehicle seat 12 is mounted to a vehicle structure 26, such as the floor, in 
5 a maimer well known in the art. The subject weight classification system uses a 
plurality of sensors, some moimted in the seat bottom 18 to measure seat occupant 
weight and some mounted in the seat belt assembly 22 to measure the seat belt 
tension force Ft. The output fix>m the sensors that measure seat occupant weight is 
used to determine an initial seat occupant weight and a seat occupant center of 

10 gravity. The center of gravity information along with the output firom the sensors 
&at measure seat belt forces is used to generate a compensation factor that is used to 
adjust the seat occupant weight to take into account variations seat occupant 
position. The seat occupant is then classified into a predetermined weight 
classification by a method that filters out momentary events such as rough road 

IS conditions or seat occupants adjusting seat position. The preferred sensors for 
measuring occupant weight and seat belt forces as well as the method for 
classifying the seat occupants will be discussed in detail below. 

The seat belt 22, shown more clearly in Figure 2, has a strap portion 28 that 
includes a shoulder harness and/or lap belt that is connected to a male buckle 

20 member 30. A seat belt latch mechanism 32 is hard mounted to the seat 12 and 
typically extends outwardly from the seat 12 between the seat back 16 and the seat 
bottom 18. The latch mechanism 32 includes a female receptacle 34 that receives 
the male buckle member 30 to secure the occupant 20 or child seat to the seat 12. 
The strap portion 28 can be manually or automatically tightened once the belt is 

25 . buckled to a desired tension. 

A s^isor assembly 40 for measuring the tension forces in the seat belt 22 is 
shown in Figures 3 and 4. The sensor assembly 40 includes a rigid member that is 
preferably formed as a metallic plate 42 Scorn 4130Rc39 material, however, other 
similar materials could also be used, The plate 42 includes a first end 44 that is 

30 attached via a loop connection 46 to material that forms a portion of the seat belt 22 
and a second end 48 that is attached to a vehicle structure such as a B-pillar or seat 
latch mechanism 32, 34. 
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The plate 42 includes a necked portion SO positioned between the ends 44, 48 
that is narrower than the ends 44, 48. A strain gage 52 is mounted on the necked 
portion 50. The tightening of the seat belt 22 exerts a tension force Ft on the plate 
42 via the looped connection 46, which results in strain on the necked portion 50. 
5 The strain gage 52 measures this strain. The strain gage 52 is preferably a full bridge 
strain gage with four (4) grids. 

The first end 44 of the plate 42 is preferably positioned at an angle relative to 
the necked portion 50 and the second end 48, shown in Figure 4. This causes the 
tension force to be applied at an angle, which creates a moment Mt at one edge of 

10 the necked portion 50. The second end 48 of die plate 42 is hard mounted to a 
vehicle structure creating a reaction force Frca and momrat Mrea. The strain gage 52 
measures the strain resulting in the necked portion 50 of the plate 42 as the tension 
force Ft is applied to the first end 44 of the plate 42, 

An electrical connector 54 is also mounted on ihe plate 42 adjacent to the 

15 strain gage 52. As shown in Figure 5, the strain measurements are generated as 
signals 56 ttiat are sent firom the gage 52 to the coimector 54 and then to an 
individual electronic control unit (ECU) or microprocessor 58, see Figure 5. The 
ECU 58 can be incorporated into the coimector 54 to include the necessary 
electronics and printed circuit board (as shown in Figure 3) or can be a separate 

20 component at a remote location on the vehicle, as discussed below. The ECU 58 
processes the strain signals 56 to determine the magnitude of the tension forces Ft 
exerted on the seat belt 22 and sends a seat belt force output signal 66 to a central 
electronic control unit (ECU) or central microprocessor 60, which uses the seat belt 
force signal and occupant weight measinrements to classif / the seat occupant and to 

25 ultimately control deployment of the airbag 24. It should be understood that the 
ECnj 58 can be a separate unit or can be incorporated into the central ECU 60. 

The strain gage 52 measures the strain caused by the tension force Ft in the 
seat belt 22 resulting in the generate of the seat belt force output signal 66. The 
central ECU 60 uses the seat belt force output signal 66 to adjust or compensate the 

30 measured seat occupant weight for over-tightened seat belts. Further, the seat belt 
force output signal 66 can be used to identify a child seat. If the tension force Ft 
exceeds a predetermined limit the system identifies a child seat. For example, an 
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adult can experience a tension force in a seat belt up to approximately 30 pounds 
(lbs) aad still be comfortable. If the strain gage 52 measures a tension force Ft that 
exceeds 30 lbs then that would indicate that a child seat has been belted to the seat 
12. Once a child seat has been identified as the seat occupant, then the airbag 24 
S would not be deployed during a collision. It should be understood that 30 lbs is an 
approximate value, which can vary due to differing seat and seatbelt configurations. 
Thus, the predetermined limit for comparison to the measured tension force Ft can 
also vary depending upon the seat configuration. 

The sensor system for measuring seat occupant weight is shown in Figure 6. A 

10 plurality of seat occupant weight sensors 68 are mounted to seat structural member 
such as a seat firame or track member, generally indicated at 70 in Figure 6. 

As discussed above, the seat 12 is preferably mounted to the vehicle 
structure 26 on an inboard track assembly 70a and an outboard track assembly 70b 
that is spaced apart firom the inboard track assembly 70a by a predetermined 

15 distance. Both the inboard 70a and outboard 70b track assemblies include first 72 
and second 74 track members. The first track member 72 is typically mounted to 
a seat riser 76 or directly to the vehicle structure 26, such as the floor. The 
second track member 74 is mounted for sliding movement relative to the first track 
member 72 so that seat 12 position can be adjusted forwardly and rearwardly 

20 within the vehicle to a desired position. 

The plurality of sensor assemblies 68 are mounted between the first track 
members 72 of the inboard 70a and outboard 70b track assemblies and the riser 
76. In the preferred embodiment, four (4) sensor assemblies 68 are used with a 
first sensor assembly 68a positioned near the fi:ont of the inboard track assembly 

25 70a, a second sensor assembly 68b positioned near the rear of the inboard track 
assembly 70a, a third sensor assembly 68c positioned near the firont of the 
outboard track assembly 70b, and a fourth sensor assembly 68d positioned near the 
rear of the outboard track assembly 70b. 

The sensor assemblies 68 are preferably installed as described above, i.e. 

30 between the lower seat track 72 and the riser 76. However, the sensor assemblies 
68 can also be installed between the lower seat track 72 and a reinforced floor plan 
or reinforcement bracket. 
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Preferably, each sensor assembly 68a (left front portion of seat bottom 18), 
68b (Left rear portion of seat bottom 18), 68c (right front portion of seat bottom 
18), and 68d (right rear portion of seat bottom 18) has a first end 78 moimted to 
the first track member 72 with at least one fastener 80 and a second end 82 
5 mounted to the riser 76 with at least one fastener 80, as shown in Figure 7. It 
should be understood that any type of fastener can be used and that other joining 
methods known in the art can also be used to mount the sensors 68, however, MIO 
fasteners are preferred. A central bendable portion 84 extends between the first 78 
and second 82 ends of the sensor assembly 68. As the vertical force Fw of the seat 
10 occupant 20 is exerted on the seat bottom 18, the central bendable portion 84 of 
each sensor assembly 68a, 68b, 68c, 68d deflects or bends into an S-shaped 
configuration putting one portion of the sensor 68 in compression and another 
portion in tension. 

As shown in Figures 7 and 8, the first 78 and second 82 ends are raised 

15 above/below the central bendable portion 84 to form steps 86 on each side of the 
central bendable portion 84. The height of the steps 86 can be varied. This 
configuration forms gaps between the sensor 68 and the track member 72 and 
between the sensor 68 and the riser 76 to facilitate bending. 

A strain gage 88 is mounted to each of the sensors 68a, 68b, 68c, 68d to 

20 measure the amount of bending in the central portion 84. The sensors 68 have a 
top surface 90 facing the seat bottom 18 and a bottom surface 92 facing the riser 
76. Preferably, a combination of four (4) strain gages, forming a full bridge, are 
mounted on one of the top 90 or bottbm 92 sur&ces to measure the bending. The 
four strain gates are thus combined to serve as a Wheatstone Bridge for measuring 

25 deflection. The operation of a Wheatstone Bridge is well known in the art. 

As shown in Figure 8, the strain gage 88 is mounted on the top surface 90 
of the sensor 68. A first aperture 94 is formed at the first end 78 of the sensor 68 
and a second aperture 96 is formed at the second end 82 of the sensor 68 for 
receiving the fasteners 80. The strain gage 88 is positioned between the apertures 

30 94, 96 on the top surface 90. In order to achieve moire accurate readings, full- 
bridge strain gage 88 should have all strain gage components mounted on only one 
surface of the sensor 68. In other words, if the strain gage 88 is mounted on the 
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top surface 90 then no strain gage components should be mounted on the bottom 
surface 92 or if the gage 88 is mounted on the bottom surface 92, then no strain 
gage components should be mounted on the top surface 90. 

Preferably, the sensors 68 are capable of a measuring range of -100 
5 kilograms to +100 kilograms with a resolution of .1 kilograms. Further the 
sensors 68 are preferably designed to withstand 1500 pounds of force without 
performance degradation. 

The sensors 68a, 68b, 68c, 68d each generate a signal representative of the 
occupant weight that causes bending at the respective location of the sensors 68a, 

10 68b, 68c, 68d, see Figure 9. Thus, the first sensor 68a generates a first signal 
100, the second sensor 68b generates a second signal 102, the third sensor 68c 
generates a third signal 104, and the fourth sensor 68d generates a fourth signal 
106. The signals 100, 102, 104, 106 are transmitted to a common interface unit 
108 and are then fed into the central processor unit or electronic control unit 

15 (ECU) 60 as is known in the art. The sensors 68a, 68b, 68c, 68d output an 
amplified and digitized signal to the ECU 60 for final signal conditioning. The 
ECU 60 combines the signals 100, 102, 104, 106 to determine the total weight of 
the occupant 20. 

The sensors 68 can be susceptible to errors that can distort the weight 
20 measurement. Changes in temperature can result in base material expansion, 
resistance changes, and bonding changes. Further there can be initial offset error 
and part-to-part variation between the bendable portion 84 and the straia gage 88 
can affect gain. To reduce these errors, the strain gage 88 is preferably 
encapsulated, and the bendable portion 84 is designed to provide as much signal 
23 output as possible, the design of which will be discussed in further detail below. 

Each sensor 68 includes an electronics package 140 that has a flexible 
printed circuit board (PCB) 142 and an application specific integrated circuit 
(ASIC) 144, shown in Figure lOD. This package 140 can be used with the sensor 
110 shown m Figures lOA-D or the sensor 68 shown in Figures 7 and 8. To 
30 further reduce sensor error, decoupling and differential capacitance is provided at 
the PCB 142, The sensor signal conditioning ASIC 144 is used to provide initial 
offset compensation and to measiu*e temperature for temperature con:q)ensation in 
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the ECU 60. In additional to these features, the ASIC 144 provides amplification, 
signal analog to digital conversion, compensation parameter storage, serial 
corammiication of load signal, and diagnostics. 

Each sensor 68 and electronics package 140 is preferably assembled in the 
5 following manner. The sm'face of the sensor 68 is prepped. Cables are bonded in 
a flexible-strip connector 146, which is attached to the strain gage 88. The 
flexible-strip connector 146 and strain gage 88 are bonded to tiie bendable portion 
84. The flexible-strip connector 146 is soldered to a housing 148 that surrounds 
the PCB 142 and ASIC 144. The strain gage 88 is preconditioned as is known in 
10 the art and the PCB 142 is attached into the housing 148 with press-fit pins (not 
shown). A cover (not shown) is welded onto the housing 148 and the sensor 68 is 
calibrated. 

As discussed above, the ECU 60 combines the weight sensor signals 100, 
102, 104, 106 to determine the total weight of the occupant 20. The left firont 

15 sensor 68a and the right fi-ont sensor 68c are combined to determine a front weight 
portion and the left rear sensor 68b and right rear sensor 68d are combined to 
determine a rear weight portion. The firont and rear weight portions are compared 
to determine the center of gravity. The total weight of the seat occupant 20 can 
then be adjusted by the ECU 60 to account for variations due to the center of 

20 gravity position of the occupant. Further the ECU 60 can adjust or compensate for 
seat belt forces acting on the seat occupant 20 as discussed above. 

A preferred embodiment of a weight sensor 110 is shown in Figures lOA- 
lOC. In this preferred embodiment, each of the sensor assemblies 110a, 110b, 
110c, llOd includes at least one groove 112 formed in one of the top 90 or bottom 

25 94 surfaces of the sensor 110. The groove 112 extends at least partially along the 
width of the sensor assembly 68 to localize strain in the central bendable portion 
84. The ftill bridge strain gage 88 is placed on the opposing surface, facing an 
opposite direction from the groove 112, see Figure lOB. As shown, the groove 
112 preferably extends across the ©itire width of the sensor 68. 

30 By measuring the deflection in all four (4) locations in the inboard 70a and 

outboard 70b track assemblies, it is possible to calculate the occupant weight, 
which is proportional to the sum of the output of all of the sensors 68a, 68b, 68c, 
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68d. The electronics for signal conditioning and the interface 108 can be housed 
within the track assemblies 70a, 70b as is well Icnown in the art. 

Once the weight and seaftelt forces have been measured, the occupant 20 is 
placed into a weight classification. The weight signals 100, 102, 104, 106 are 
5 combined and initially represent an estimated weight signal 1 14 for the occupant 20. 
The ECU 60 compares the weight signal 114 to a series of weight classes each 
having at least one threshold value, assigns a weight class designation to the 
occupant 20, and generates an output control signal 116 that controls and modifies 
deployment of the airbag 24 based on the weight classification. The classification 

10 process will be discussed in greater detail below. 

The weight sensors 68 are preferably calibrated prior to installation. 
Mounting the seat 12 in the vehicle induces stresses in the seat track assemblies 26 
that are then seen in the sensors 68. These stresses can vary firom seat to seat and 
represent an offset value. During system diagnostics, the sensors 68 can be re- 

15 calibrated. To re-calibrate, the seat 12 must be empty. Once sensor output is 
stabilized, the zero values are then restored. This procedure can also be used to 
compensate for sensor wear that occurs over time. 

As discussed above, the ECU 60 (shown schematically in Figure 14) receives 
signals from the weight sensors 68 and the seat belt force sensor 40 and uses this 

20 information to classify seat occupants 20. The ECU 60 includes three (3) main 
sections: power regulation 60a, microprocessing 60b, and communication 60c. The 
signals 66, 100, 102, 104, 106 are received and processed by the ECU 60 to make an 
s^proximation of the weight classification. After the ECU 60 makes a 
determination, a message is placed on a communications bus for the vehicle to use 

25 properly. Diagnostics are periodically performed to check the fimctionality of such 
components as the microprocessor, the sensors 40, 68, communication bus, input 
voltage, etc., for example. 

After power down, the ECU 60 preferably stays aHve to perfomi system 
calibration to adjust for ofifeet that may occur over time. The ECU 60 can put itself 

30 and the sensors 40, 68 to sleep after caUbrations are completed to conserve vehicle 
energy. 
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As shown in Figures 15 A and 15B, the ECU 60 preferably includes a plastic 
housing 120 with integrated ins^ molded sealed connectors 122 for 
attachment/connection to the sensors 40, 68. These types of connectors 122 simplify 
installation and interface connections. 
5 The weight measurements taken by the sensors 68 can vary as the occupant 

20 changes seating positions and can vary as the vehicle travels through various 
maneuvers and over different types of roads. In order to provide a consistent and 
accurate weight classification, the classification process must filter out these 
variations. The subject invention monitors the occupant's estimated weight and 

10 compares the estimated weight to a series of weight class thresholds to determine an 
individual classification sample. A history of these class samples is observed and 
recorded by the ECU 60. Once a predetemiined number of consistent and 
consecutive samples are observed, the class sample is locked as the occupant's 
weight class. Over time, a plurality of comparisons are made between the estimated 

15 weight and the weight class thresholds. 

Each weight class is assigned a predetermined upper threshold and a 
predetermined lower threshold. The number and values for the upper and lower 
thresholds can be varied. Each weight class sample is determined by comparing the 
occiq)ant's estimated weight against the previous weight class sample's thresholds. 

20 If the estimated weight falls between the upper and lower thresholds for that 
previous class, the current class sample is set to that last sample. If the estimated 
weight does not fall between the upper and lower thresholds for that previous class, 
either the weight class above or the weight class below the previous weight class is 
set for the current weigiht class depending on which threshold is crossed. Preferably, 

25 only one incremental weight class change is permitted for each iteration. Allowing a 
change of only one class per iteration helps to smooth the transition between the 
classes. 

The upper and lower thresholds for each class varies depending on whether 
the process is in the track mode or the lock mode. If the system is locked onto a 
30 specific weight class, the separation between the upper and lower thresholds for that 
weight class is increased to provide more hysteresis. By increasing the hysteresis 
when locked, it is more diflScult to change or unlock the weight class designation. 



14 



wo 02/26531 



PCTAJSOl/30388 



This helps to filter out unintended weight class changes, i.e., error induced by 
adverse road conditions or changes in occupant seating position. Figure 1 1 shows 
the relationship between the track and lock thresholds. Note that the track upper and 
lower thresholds for weight class two (2) are closer together ttian the lock upper and 
5 lower thresholds for weigjit class two (2). Thus, the upper threshold for weight class 
(2) is increased and the lower threshold is decreased when class (2) is the locked 
class. 

Figure 12 is a flow chart showing the process for detenmning the current 
weight class sample. When the process is started, there is a determination of 

10 whether the process is in the track or lock mode. If the process is in the track mode 
than the current estimated weight is compared to tiie previous class' track lower 
threshold. If the current estimated weight is less than the previous class* track lower 
threshold than the next lower weight class is set as the current weight class. If the 
current estimated weight is not less than the previous class' track lower threshold 

15 ttian the estimated weight is compared to the previous class' track upper ttireshold. If 
the current estimated weight is greater than the previous class' track upper threshold 
than the next higher weight class is set as the current weight class. If the current 
estimated weight is not greater than the previous class' track upper threshold than 
the current weight class is fhe same as the previous weight class. A similar method 

20 is used when the process is in the lock mode except the current estimated weight is 
compared to the previous class' lock upper and lower thresholds. 

As the process moves through each iteration, a history of the comparisons 
between the estimated weight and the weight class thresholds is observed and 
recorded, see Figure 13, The weight class samples are monitored, looking for the 

25 same class sample to be repeated. The process starts counting or tracks consecutive 
samples of the same weight class. If a non-consistent sample is observed, the count 
is reset to zero. When a predetermined number of consistent and consecutive 
samples is observed, that observed weight class becomes locked. Once a class is 
locked, it remains the designated occupant weight class until a specific number of 

30 consecutive wei^t class samples above or below the locked class is observed. If the 
lock is lost, the process starts tracking the nimiber of consecutive weight classes 
again and the process is repeated. The output is either the tracked or locked weight 
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class, depending on the mode. If a class is locked, the locked class is the ou^ut 
class. If a class is not locked, the track weight class is the output class. The 
track/lock feature helps to filter out class changes caused by occupants 20 that 
change position, class changes caused by adverse road conditions, and class changes 
S resulting from sudden vehicle maneuvers such as turning or braking. 

Preferably, the class update rate is approximately one update every second 
and the weight class locking delay is at least five (5) seconds. Preferably the locking 
delay is approximately between five (5) and seven (7) seconds. This delay period 
filters out momentary events, that may transfer or remove weight from the seat, e.g., 

10 due to rough road conditions or seat occupant body movements. These momentary 
events are typically important for borderhne cases. If the same weight class is 
calculated for five to seven seconds the class is locked. This widens the window for 
the determination of the current weight class, A weight outside of the window must 
be maintained for five to seven seconds to unlock and change the weight class. 

15 These times can be adjusted through caUbration. An unlocked system can change 
weight classes every second. While these are the preferred time periods, it should be 
understood that these time periods could vary depending on the application. 

A flowchart simimarizing the weight classification system is shown in Figure 
16, The weight sensors 68a-d generate weight signals 102-106 that are proportionate 

20 to the weight exerted against the seat bottom 18 at the respective sensor location. 
The front sensors 68a, 68c are combined to determine a fix)nt weight portion signal 
130 and the rear sensors 68b, 68d are combined to determine a rear weight portion 
signal 132. The front 130 and rear 132 weight portion signals are compared to 
determine a center of grayity. An estimated seat occupant weight is then determined 

25 by using various compensation fiictors including information from the seat belt force 
sensor 40, center of gravity, and combined weight information from all weight 
sensors 68a-d. This adjusted weight designation is then used to classify the seat 
occupant by a process discussed above. 

The number of classes and thresholds can be correlated to predetermined 

30 requirements that vary according to diflferent specifications and vehicle types. One 
exanq^le of a set of weight classes is as follows. If the weight determination is less 
than 8 kilograms the seat is determined to be empty, if the weight determination is 
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between 8 and 30 kilograms the system indicates a child is the seat occupant, if the 
weight detemiination is between 30 and 60 kilograms the system indicates a smaU 
adult is the seat occupant, and if the weight determination is greater than 60 
kilograms the system indicates a large adult is the seat occupant 
5 Although a preferred embodiment of this invention has been disclosed, it 

should be imderstood that a worker of ordinary skill in the art would recognize many 
modifications come within the scope of this invention. For diat reason, the following 
claims should be studied to determine the tme scope and content of this invention. 
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1 . A vehicle weight classification system comprising: 

a seat assembly having a seat frame for supporting a seat bottom; 
5 a seat belt assembly for seeming a seat occupant to said seat assembly; 

a plurality of wdg^t sensors mounted to said seat frame for generating 
a plurality of weig]it signals in response to a weight force applied to said seat bottom; 

at least one seat belt force smsor for generating a seat belt force signal; 

an electronic control unit for receiving said weight signals and seat belt 
10 force signals to determine occ\q}ant weight and center of gravity, gen^ating an 
occupant classification based on said occupant weight and cento: of gravity, and 
transmitting an output control signal based on said occupant classification; and 

an airbag module for receiving said output control signal to control 
airbag deployment based on said occupant classification. 

15 

2. A system according to claim 1 wherein said seat assembly includes a 
seat mount for attachment to a vehicle floor and said plurality of weight sensors 
comprises a first sensor mounted at a front right side comer of said seat bottom 
between said seat Scdms and said seat mount, a second sensor mounted at a front left 

20 side comer of said seat bottom between said seat firame and said seat mount, a third 
sensor mounted at a rear right side comer of said seat bottom between said seat frame 
and said seat mount, and a fourth sensor mounted at a rear left side comer of said seat 
bottom between said seat fiiBme and said spat mount. 

25 3. A system according to claim 2 wherein said plurality of weight 

signals comprises a first weight signal generated by said first sensor, a second weight 
signal generated by said second sensor, a third weight signal generated by said third 
sensor, and a fourth weight signal generated by said fourth sensor, said first and 
second weight signals being combined to produce a front weight portion signal and 

30 said third and fourth weight signals being combined to produce a rear weight portion 
signal wherein said front and rear weigiht portion signals are compared to each other 
to determine said center of gravity. 
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4. A system according to claim 3 wherein said front and rear weight 
portion signals are combined to produce an initial seat occi^ant weight and wherein 
said electronic control unit modifies said initial seat occupant weight based on said 
seat belt force signal and said center of gravity to produce a final seat occupant weight, 

5 said output control signal being generated based on said final seat occupant weight. 

5. A system according to claim 2 wherein each of said weight sensors 
includes a bending element mounted between said seat firame and said seat mount, at 
least one strain gage assembly mounted on said bending element, and an integrated 

10 electronics package for electrically connecting said strain gage to said electronic 
control unit. 

6. A systan according to claim 5 wherein said electronics package 
includes flexible printed circuit board mounted to said bending element and an 

15 appKcation specific integrated circuit supported by said bending element for 
conditioning said weight signal. 

7. A system according to claim 5 wherein said bending element includes 
a first end moimtable to said seat fi:ame, a second end mountable to said seat mount, 

20 and a bendable center portion having an upper surface and a Iowct surface wherein a 
groove is formed in one of said upper or lower surfaces extending along the widflb of 
said bending element to localize strain in said bendable center portion. 

8. A system according to claim 7 wherein said strain gage assembly is 
25 mounted on the other of said upper or lower surfaces, facing opposite from said 

groove. 

9. A system according to claim 5 wherein said electronic control unit 
includes a power regulator connectible to a power source, a microprocessor for 

30 analyzing said weight signals and said seat belt force signals, and a commimication bus 
for int^cting with said aiibag control module. 
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10. A system according to claim 9 wheiein said electronic control unit 
includes a plastic housing having integrated insert molded sealed connectors for 
connection to said power source and said electronics packs^e. 

5 1 1. A system according to claim 9 including a series of weight class data 

storable ia said electronic control umt wherein each weight class has an upper 
threshold and a lower threshold wherein said microprocessor for generates an 
estimated weigjit signal based on the combination of said plurahty of weight signals, 
compares said estimated weight signal to said upper and lower thresholds to assign 
10 said signal an s^propriate wei^t class designation, and locks said estimated weight 
signal into an occi^ant specific weight class when a predetermined number of 
consistent and consecutive weight class designations is achieved. 

12. A system according to claim 2 wherein said seat belt assembly includes 
15 a rigid member having a first end for supporting a seat belt portion and a second end 

for attachment to a vehicle stmcture and wherein said at least one seat belt force sensor 
comprises at least one strain gage assembly mounted on said rigid member between 
said first and second ends for measuring the strain exerted on said rigid member by a 
tension force applied to said seat belt portion. 

20 

13. A system according to claim 12 including an electrical connector 
mounted to said rigid member adjacent to said strain gage for receiving strain 
measurements from said strain gage and transmitting said measurements to said 
electronic control unit to det^mine the magnitude of the tension force. 

25 

14. A system according to claim 13 wherein said rigid member includes a 
neck portion positioned between said first and second ends having a width that is 
less than the widfli of said first and second ends and wherein said strain gage is 
moimted on said neck portion. 
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15. A system according to claim 14 wherein said first end includes an 
elongated slot for a loop attachment to said seat belt portion and said second end 
includes at least one aperture for receiving a fastener for attachment to the vehicle 
structure and whereiu said electrical connector is mounted to said rigid member 

S adjacent to said second end between said aperture and said neck portion. 

16. A method for classifying a seat occupant into a weight class comprising 
the steps of: 

(a) measuring a weight force of a seat occupant exerted against a 
10 seat bottom to generate a weight signal; 

(b) measuring a seat belt force generated by securing the seat 
occupant to a vehicle seat with a seat belt assembly to generate a seat belt force signal; 

(c) detemiining center of gravity of the seat occupant based on said 

weight signal; 

15 (d) classifying the seat occupant into a predetermined weight 

classification based on said weight and seat belt force signals; 

(e) generating an ou^ut control signal based on seat occupant 
classification; and 

(f) controlling deployment of a safety device based via the output 

20 control signal. 

17. A method according to claim 1 6 wherein step (d) includes 

(dl) generating an estimated weight based on the weight signal; 
(d2) comparing the estimated weight to a series of weight classes 
25 each havilig at least one weight class threshold to determine an individual 
classification sample; 

(d3) repeating steps (dl) and (d2) until a predetermined number of 
individual classification samples having the same value is achieved; 

(d4) locking the individual classification sample as the occupant 
30 weight class; and 

(d5) generating an occupant weight class signal. 
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18. A method according to claim 17 further including the steps of • 

(d6) unlocldng the individual classification sample when a 
predetermined number of non-equal individual classification samples is achieved; and 
(d7) returning to step (a) when step (d6) is satisfied. 

5 

19. The method accordiug to claim 18 wherein step (d2) fiirther includes 
assigning each weight class an ixpper threshold and a lower threshold, comparing the 
estimated weight to the upper and lower thresholds for the last known weight class, 
and setting the individual classification sanq)le equal to the last known weight class if 

10 the estimated weight is between flie upper and lower thresholds for ttie last known 
weight class. 

20. The method according to claim 19 including the step of setting the 
individual classification sample equal to a next higher weight class if the estimated 

15 weight is greater than the upper threshold for the last known weigjht class or setting 
the individual classification sample equal to a next lower weight class if the 
estimated weigjit is less than the lower threshold for the last known weight class. 

21. The method according to claim 20 including the steps of increasing 
20 the value of the upper threshold of the individual classification sample by a first 

predetermined amount and decreasing the value of tihie lower threshold of the 
individual classification sample by a second predetermined amount once the 
individual classification sample is locked. 

25 22. The method acqprding to claim 20 including the steps of decreasing 

the value of the upper threshold of the individual classification sanq)le by a first 
predetermined amount and increasing the value of the lower threshold of the 
individual classification sample by a second predetermined amount after the 
individual classification sample is unlocked. 

30 
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23. The method according to claim 18 including the steps of 
providing a track mode having a first set of thresholds for each of the 

weight classes and a lock mode having a second set of thresholds for each of the 
weight classes that is different than the first set of thresholds; and 
S determining whether the method is in the track mode or the lock 

mode prior to step (d2). 

24. The method according to claim 23 including the step of providing the 
first set of thresholds with an irpper track threshold and a lower track threshold for 

10 each of the weight classes and providing the second set of thresholds with an upper 
lock threshold having a value greater than the upper track threshold and a lower lock 
threshold having a value less than the lower track threshold. 

25. The method according to claim 24 including the step of beghming in 
15 the track mode, initiating the lock mode when a predetermined number of consistent 

and consecutive individual classification samples is achieved, and moving firom the 
lock mode to the track mode when a predetermined nimiber of inconsistent 
individual classification samples is achieved. 

20 26. - The method according to claim 18 wherein step (d6) fiirtho: includes 

waiting at least five seconds before unlocking the individual classification sample. 

27. The method accordmg to claim 17 including the step of filtering out 
momentaiy events prior to step (d4). 

25 

28. The method according to claim 27 wherein step (d3) fiirther includes 
repeating steps (dl) and (d2) for at least five seconds prior to locking the individual 
classification sample. 

30 29. The method according to claim 17 including the step of updating 

weigiht class determination at least one time per second prior to locking the individual 
classification sample. 
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30. The method according to claim 17 wh^in step (a) further includes 
mounting a first sensor at a right fix)nt portion of the seat bottom to 

generate a right front weight signal; 

mounting a second sensor at a left front portion of the seat bottom to 
5 generate a left front weight signal; 

mounting a third sensor at a right rear portion of the seat bottom to 
generate a right rear weight signal; 

mounting a fourth sensor at a left rear portion of the seat bottom to 
generate a left rear weight signal; and 
10 generating the estimated weight based on the right front, left front, right 

rear, and left rear weight signals. 

31. The method according to claim 30 wherein step (c) furth^ includes 
combining the right front and left front weight signals to generate a front weight 

15 portion signal and combining the right rear and left rear weight signals to generate a 
rear weight portion signal, and comparing the front and rear weight portion signals to 
each other to determine the center of gravity. 

32. The method according to claim 31 including the step of generating a 
20 first weight compensation factor based on the seat belt force signal. 

33. The method according to claim 32 including the steps of generating a 
second weight compensation factor based on the center of gravity and adjusting the 
estimated weight via the first and second weight compensation factors to determine 

25 an adjusted seat occupant weight 

34. The method according to claim 33 wherein the adjusted seat occupant 
weight is determined prior to locking the individual classification sample. 
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